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Abstract of J P 1 024231 0 (A) 

PROBLEM TO BE SOLVED: To obtain a stable 
operation and sufficient charge holding 
characteristic even if the pattern is finer by 
introducing N in a silicon oxide film so that the max. 
concn. is within specified range in the film to form a 
gate insulation film with little leakage current at low 
temps. SOLUTION: An n-type impurity-doped 
polycrystalline Si film 204 is formed on the entire 
main surface of a p-type semiconductor substrate 
201 including a first gate insulation film 203. Next a 
polycrystalline Si film 205 is formed on the entire 
main surface of the p-type semiconductor substrate 
201 and the Si film 204 and immediately heat- 
treated in an NH3 atmosphere to introduce N in this 
film 205 so that the N atom concn. in the film 205 is 
limited to a range between approximately 2&times 
10<20> and 2&times 10<21> 
atorns/cm<3> .; This Si oxide 105 is used as a 
second gate insulation film 205 of nonvolatile 
memory elements Qe, thereby improving the charge 
hold characteristic. 
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[0 0 5 2] 0 0)©pS 

*i#Sfi2 0 1§ffllU P M^Sff*»fi2 

o i (D£w<D$m&mMicm®<Dmmmim*m^Tm 
itmmi&frB%:%-7-<(-)i'\ t mM%i2 o 2 

7 f KftHHH 2 0 2 ttW^t 5 0 0 [ n m] Sfi© 
BiPT«-r§o CCS70I14H9(a)t*f. ^ 
fc. Map 2 0 1 cD^UfdDSttWCKiMK' 
■fbtoii^rfiffiL, ftfb&xitfr&ttsff 1 y- htfifltSI 2 

0 3 *0fi8f So jS 1 ^- hlfeWM 2 0 3 ttffll Atf 1 0 
[nm] IfiOlWeMt*. 
[0 0 5 3] ^(C. Miagl 1 M6^M 2 0 3 

ty p s#«f*affi 2 0 1 ©±®±©^ffite, n i«i 

(f?0^««)^#A^tlfc^|g B B B S*M2 0 4§^fig-r 
§« ^Ii*l2 0 4(fflM'2 0 0 [nm] @jS© 

[0054] mm&mM&mwk 2 0 4^^-> 

iMF^x-yfi/ ?mffi%ffl ^T?t5o cc$?o 
115:0 9 (b)tc^-r o 



(7) 



1&Wt 1 0-2 4 2 3 1 0 



11 

[0 0 5 5] #fc, MC^tjMISlKlll2 0 4±**tfp 

m^mvf&mz o i ©£®±<D£flBtcBHb3iR8Si2 o 5 
i 2 tnm] oii!»T?^-r«„ wummmz 

0 5 CDJFMH: S i H4 i:N20 ^WXhtS L P C 
VDj*T^5o CO^OMigga7 5 0 [°c] 

So 

[0 0 5 6] fuieiS^fTo TzMMz. N Ha f?B 

*4"t?3&813*s(bu iwaiwbasRiiz o 5tc«ft6 x 

1 0 20 [atoms/cm3] ©SiRJS^fciiAfSo 

[0 0 5 7] WIH^fbaSWI 2 0 5 iZ 8 2 5 io 

[°C] ©M*#H**T?*xy MMbiflffl***-. a 

[0 0 5 8] ^C, *MBSHb3*W2 0 5±©£BK N 

nia^iieft(^^««)^#A$nfc^s B B B a«si2 o 7 
^mmmmz 0 7i««2 0 0 [n 

m] g£©Btfft*J£fiW3o CCl:T?©Ig;fcBll 0 
(d)K^-To 

[0059] mc, luiB^gas^is 2 0 7, mitmm 

mz 0 5, ^ISASiKK 2 0 4 cD^fcy- KM7J[r]© 
«A^tlfc^lSHS*M2 0 7^P>^S»J«y-h«S 

207, mm^mx^ntcmimmmz 0 5^bs§^ 

2 y- h- ffiftjit 2 0 5, n S^WttftfiiAS ft fc^USA 
3*112 0 4*»6**Wtty-hWi2 0 4Wt 

K^xy^^fj^ffll^Tfr?,, COX 
g{C^3l/>T> 07RLTV^->;6\ $ijfpy— Y-WM 2 0 7 

tc— mt £ ftfc y - Htk *> ft s o ciitT'Oig 

£rH 1 0 (e)&cjrcfo 
[0 0 6 0] #|C, MIH p §y¥#f*S* 2 0 1 ©Xffi© 30 

[0 0 6 1] jfcie, MIBp§y^W*S«2 0 1 ©£H© 

wrwk#au -^fon§y^*f*Miiic©*^^e»^§ 
y-xi«2 o 9MKWyffi«2 1 o*j&8f s. 

COIlicjj^T, =F»«ttE1tllS?Q ejWeja*ft 
3„ CCfTOIi^Il 0(f)(CSt„ 
[0 0 6 2]»t, WIHSlJ^iy- h«!2 0 7 ±*"&tf 40 
p 2 0 1 ©£®±©£ffiKJll««S*Bl2 1 

iwu «neMnnHMUit2 1 ie, v-x 

««2 0 9RtfFWy««2 1 0fcSSSBtt?L*JglS 

[0 0 6 3] lul2jgi^?Ll*I^-&tyiiPB3,«|i2 1 

1±©£®K:&JMI*»J«U MIB#«Mfc/^ 
$-y-y^ibtltS2 l Z^BfRtZZLtlcX 
t>, 010(g) tC^-T «fc 3 &C S TMBStilBlgJg? Qe? 
l •ocDiB'fcilWi ttS^t'J -fe;W« f^figf 5 o 

[0 0 6 4] **ffiff^S|(D^«5gttsS'»*? QeB, i so 
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*fl§v>T, MfE^xy M*ffcffl»<DlWtJi*fflt2 0 5* 
©K?»ft#:ft**SfcLfco. HI ltt^i? bmititu 

m 1 2 tt^xy hMimomi&mmz o 5 *<d^«s. 

WBB©HJ«fr5, MMb 
J: 5, &tfb^*M2 0 5 * <%kfRM?«fitf2 x 1 o 

21 [atoms/cm3] 2 X 1 0 20 [atoras/cm3] •'Nfc 1 
ffiM^LT^SOtflWBfrfc&ofc,, Sfc, BttbgXfflt 
2 0 5 ©±*8P (»J»y- h «« 2 0 7ffll)T»OS3fi«fi 

OJfel>tilWB*ftfc. *»#fifS««t»}, KfbilKK2 0 
5 ^czKJfcJBms^K: J: Sit? h 5 -y 7"offiKi:, iefb 

JijRit 2 0 5 © JbJiSP (WW-y- htt2 0 7 M) T?<Dm 

[0 0 6 5] &*5, *^flgJgJB-e{±»ft;^3RBl2 0 5 if 
OliIfifi^6X10 z » [atoms/cn.3] t LfcAV 
fflfe 2 X 1 0 20 [atoms/cm33 L < (i 2 X 1 

0 21 [atoms/cm3] WT"P*fttf«S*««fWtt©lft±3V 

^5 X 1 0 20 [atoras/cm3] WT^fcfttfWHlfcWINR 

[0 0 6 6] S?{bJifSIi2 0 5 tfozkJRlR^aftS 

% 5 X 1 0 20 [atoras/cm3] \XT£t%> ZL tlC& ^ 
SfgttKflBR^Q eOWJAKtfi b*V>«XRi«Mim 

^Lfcfe<DT?fes 0 c<Dm<Dmmm?mm±6 x 1 0 20 

[atoms/cm3] T'^So b#V^i^Sffij«ii> >j7X-y 
fbW Omm^m&3X l 0 21 [atoms/cm3] ) fcfc, 
0. 6 5 VT-$.§<75tC*fb, 1717 h^btt (7k*®? 
?SlS3 X 1 0 20 [atoms/cm3] ) «\ 0 . 1 5 VSfitC 
WHftl^ftTVSo Cft^^x-y MWblfzkJRJS^feffiW 
"T § c i: fc «fc t) , 6Sfba*SI 2 0 5 h 9 y ^ 

[0 0 6 7] &*3, 2^|j»}gli-e{4gKbSjR«l2 0 5* 
©S*M?«je^6 X 1 0 20 [atoms/cra3] fcbfcA^ 
Hfe 2 X 1 0 20 [atoms/cm3] J^±, L < It 2 X 1 
0 21 [atoms/cm3] WT"P*9, ^O^dMC^mW 5 
X 1 0 20 [atoms/cm3] OTtStltf, #Kl^tC#-5 L 

jfi/MWaftoWHW^Hft*. 

[0 0 6 8] *3*fiS^«8K:«fcfttf, «a2X10 2B [at 
oms/cm3] JW±> iff* L < « 2 X 1 0 21 [atoms/cm3] 

mmm^Q e 2 y- 2 0 5 1 ltjiv\ 
tcommm^m&^mitmmmz 0 soTsgp 

fctfc^T^-<D±Hg|5^la< L, Sfc, SSfba*M2 0 5 

*©«A7]<*M?)illft^ 5 X 1 0 2 ° [aton,s/cra3] 

t-r&zticzQ, ^mm±im,m=? q e <d«^t«^# 
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[0069] cnsa^«i3) a^sasjflgju-pti. ncpon 

*£f^?»£#«&ta 2 X 1 0 20 [atoras/cm3] IXt, 
tfr£ b < « 2 X 1 0 21 [atoms/cm3] UTFTfeSKflai 
HSfflt*, ^*%ftfS«JR?©fg 2 y- h«UNR2: bTffl 
W £&»C*-©±gPfc3{fc3*(S i3 N4 )Jlt*«Wlbfc 

[0 0 7 0] ^JS?814fBM?^ l oflDiatHMft 

[oo7i] m$£mmmfr£>te%mj5iiL(i oo)£D P §y 
^mwmmz o i *mal, P §y^*f*a«2 

0 1 0£BO#g1tIitgIttOIRlftft§ffl^ti 
f ti&HUfr KfHWR 2 0 2 Jfc J^Sf S o 

7i'-;VFail2 0 21ifi9JM5 0 0 [nm] @J«CD 
JSIJP^figTSo dC^-etDXg^rlll 1 3 (a)fc^t"o 
[0 0 7 2] tulSpS¥«f*S|g2 0 1 CD^®© 

203 *j&s-r s„ m i y- h«e*i!t 2 0 

3 fctmfcf 1 0 [nm] @ft©J9§Jp-TWrSo 

[0073] #hc, twsffi 1 y- vmmm 203 ±^ 

fOTi]lbm^M;flSIlIirol¥W 

So ^Il^R2 0 4»i^l2 0 0 [nm] SS© 

[0 0 7 4] WIB^-|g*S*II 2 0 4fc^#-> 

©Xg^H 1 3 (bJlc^-To 

[0075] mc, mm^mmmmz o 4±*$«yp 
sy^#f*as2 0 1 <D±m±(D^mcmitmmm2 o 5 

2 [nm] ©HffTWrSo HMbi9KM2 

0 5OffMttSiH4 tN20 SI^XttSLPC 
VDST'fTdo CCDH#cDfFMSjS«7 5 0 [°C] T** 

[0 0 7 6] S0IBXe*ffofeEfiHCNH3 HH 

M^TMil^ffiU sutBiHbi*®t2 0 5&C»a6 x 

1 0 20 [atoms/cm3] ©g*M?^r#ATi. 0 CCST 40 
<DXg^H 1 3 (c)icm-to 

[0 0 7 7] %tiC, W|B&fl3lJjSBt 2 0 5±**tfpS 
^2»{*»5 2 0 1 <D±ffi±©£ffi&C L P C V D ffiTfSft 
gjR(Sl3N4 )§|2 1 3«fl&8f So CCSTOIi* 
H 1 3 (d)tC^-To 

[0078] iiwaBKbSjRflSt2 0 5±<d&®k, 
nm*Fmm(m*am)im\ztiit&mM&£M2 0 7 

^ffM-TSo ^Iiii2 0 7ii«M2 0 0 [n 
m] SftOfflWeJBBKf So CCSTOlS^il 4 
(e)lc^-|" 0 so 



[0079] mm^m^mm 2 0 7, gfta* 
■213, ^bs«HM2 0 5, ^mmmmrn 2 040* 

4r V— h ft&lftl jHjif S / < £ - v ?%mk 
SSL, n gJ^ltG^^A^ tlfc^^Sa*S 2 0 7 £» 

ftsw»y-h*ffi2 0 7, ^a^AsnfcmffcgfR 

®2 0 5fr£&Sfg2y-hf&Ml2 0 5, nSWt 
#«A3ftfc^*5.IMlJRIi!2 0 4*»6ftS?*3ffly-h« 

l2 0 4*Mts. cft5©/^-y-y^ 7* 

5o &*5, COXfStCfet^T, HI^LTt/^l/^\ $ijfp 
y- M»I2 0 7 te— mt^tifcy- KittfcflgjsKSft 
So cc$T-©XS^EI 1 4(f)tc^-T 0 #tf<:, MIBp 
S«NH*a«2 0 1 ©±ffi©JSttffi«tcp®5FiM«i ($J 

¥##«*£frE»fcS><>^;*;l>-Xhy/<«iS2 0 8^ 

ffM-rso 

[0 0 8 0] &te x 1MB p 2 0 1 ©±B<D 

V-XI12 0 9Rtf FW«2 1 O^fig-TSo 

So 4(g)lCfvto 
[0 0 8 1] :#Uc, MfiBWJWy- MI2 0 7±*^tr 

p§y^wf*a«2 o i (D£M±<D£Mtcmmtmm2 1 
r^«LT ^©«; Wi3Mffl»W2 i i t; v-x 
s«2o 9WKwyii2 1 otcm%mmi%mi£ 
•rso 

[0 0 8 2] MIB^?LF«3«:«-tf»na*&#M2 1 
liO^lClllWU ^©«K flMBftMNic* 
£ — V— >y^fiteLT«t!2 1 2^fig-rSCfctt«t 
•? , HI 1 4 ( h ) icjjkt J: 5 tc, ^»«1tEtttJR? Qe5 

i ootaiswifc-rs^^eu-fe^ai^fiSc-rso - 

[0 0 8 3] MIB^»?§ttlB1l*?Q e «\ 12 [n 

[0 0 8 4] **j5S^«lT-«^fta*fli 2 0 5* 

©SifiSe^AS* 6 X 1 0 20 [atoms/cm3] JWXilbfc 
*\ »2 X 1 0 20 [atoms/cm3] J^±, »^b<tt2 
X 1 0 21 [atoms/cm3] WTT'fetllf «ffif««P# ttOfil 

[0 0 8 5] *SEi(li flgtgtC «fc n**, »2X10 M [at 
oras/cm3] ttbh, 2 X 1 0 21 [atoms/cm3] KTOli 

is ; ?^#wt-s^{ta*M2 o 5^mmmmm^Q 

eOg2y-«l2 0 5tLTlK J6fctO± 
gpjcfiltS*^ 2 1 3 £rawr S c t J; t) , ^»#Stt 
IBttJR^Q e ©S#f*##ttO|t|±^Hns t ^ 3 3»m 
#i£So 

[0 0 8 6] **3, *HiEiff$filT-ttKf bS^flM 2 0 5K 
S*H?^*Abfd*, ^V^T^{bail)]M2 1 3%Bf& 

bfc^\ gfba*K2 1 3*fiat*ifc, MmtDmm 
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2 0 5 5 X 1 0 20 [atoms/cm3] J-X 

CO 0 8 7] (^W^H4) **SE«SfiT«, 0t^o« 
^3RJS?»fi^«t*» 2 X 1 0 20 [atoms/cm3] M±, 
jflL<ii2X10 zl [atoms/cm3] J-XTT-fe SgHbH 

^S^yS'a^UteiWBSti*. 10 

[0088] gf\ ^»i4ie««?^ i o«ie«|ifi 
frs^^eu-b^oSaig^rS^ovTH l sSlO-'Hi 6 

[0 0 8 9] JW£iM£jfSfr&&s®2rffi(i oo)© P §y 
¥*f*s« i o i ^ffl«-r§ 0 

[0 0 9 0] MflHbJOSfeMU P iu**f*S« 
l 0 l ©±H£iHbJi*gIfrF>&Sgl l MMtK l 

0 2*Bj£?Za 

[0091] &{c, wiEm i ?- vmmm 1 o 2±tc^ 

MM (fi»J A fifjR) *m AS ftfe&H AgJKtll 10 3»M 20 

u £&ng*iit 1 0 3±icmmmm 1 o 4 
*»i«u *(om. mimmmi 0 4±^s<ba«iti 

0 5 *»riM-* 0 3M8iW£fRfl! 103, iHbiiiftJgt 1 0 

4 , S{b3fSlI 1 0 5 <D2z*<DBi&it L P C V DttTfJH 

[0092] *ie, a&iesfbijftffli 105, 

104, ^issa^gi 103, miv- bumm 1 0 2 

111 1 5(a) Sc^-To 

[0 0 9 3] afcfc, tfflSSfbSliSBIi 1 0 5±£lttyp§U 

1 0 1 <D3-w±(D-£WK.m<tmmm%: lpc 

^xy^v^^LT-tM' 9- 1 06^ 

[0 0 9 4]»c, <7X>y hi^bM^MU pS^S 

f*»« 1 0 1 c^ffitcitfkiiffsffiifr 5&§7^-;v Fie 

«BM 1 0 7 Jfcj&ST So 7 ^ -;V Ft&NtlM 1 0 7 fcty- 
F KiWC»9 TKB^nsSttfWS (St^ffMWWc) Pb3 40 

[0095] *te, Mu>sjui«ttu trmmmm 

ffitl 0 5S.tJ ! -9--Y F^*- /I/*-*— 9- 1 0 6^r|^*L/£ 
MEplJ*#f*S«l 0 lO^BtDjgffiWgfcpS! 
^*Mfc (01 tf # 0>)^t >fl"5WW*T?3W?«fc#A 

1 0 8%Mt5 0 

[0 0 9 6] tulBp W«f*SK 1 0 1 CD±M<D 
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V-Xffii§U 0 9REf >*tWl 1 O^ffMtSo 

[0097] <fcfc, MGflMb&Knt 1 0 5±^Cy P gy 
¥#f*S« 1 0 1 <D±m±<D£ffilC LPC V Di*T?lWt 
HfMIi 1 l^MU ^©f£, MKBMbalfRffll 1 1 1 
ic&KiAg&BK l 0 3 0±WItBt§ft'SSttiy 

fy^it. ccftoiisai 5(e)tc^To 

[0 0 9 8] MIB^ISJlIiiKffli 1 0 3±£r#C?p 

gj^#f*»« 1 0 1 <D^m±.(o±m^mmmmm) 
imxztnt&mmnmuLi 1 2«&*u *©tk m 
iB^isnaisiiM 1 1 2te-y-hs^ieiofi*3KS-r«/^ 

^— ^— vy^SS-To CCSTCDXS^ia 1 6 (f 
To 

[0 0 9 9] MnC^ISII^KM 1 1 2±**Bp 

1 0 1 <D^m±.<D^m\m.immwk 1 1 3 
*M*fc?i 2 [nm] <Dmmr*&i&ir%o mt&mmi 

1 3 0MliS 1H4 ilNaO ^IWXttSLPC 
VD8n?fr?o C©H$©f&J*»SE{i7 5 0 C°C] 1?* 

■lb o 

[0 10 0] WfBXS^T^/fcjtmiCNHa HH 

^vmrnrnztmu mmmitmmmi 1 3t»6x 

1 0 20 [atoms/cm3] OfiStlH^* AT S o CClt? 
CDXS^H 1 6 (g)&CjSf 0 

[oioi] ^c, mmimmwii 1 3±©£®fc, 

[0102] ^(c, «ne^iaA3@KM i i 5, m\mm 
mi 13, ^mmmwk 112, &$&mmmm 1 030 

3WBU nsy^|tg^^iixsnfc^$g l i,gi;«)]ii 1 5*> 
6*swj»y-F«si 1 5, ia««»Asn?tKfl3i 

mmi 1 3fr645g2y-hJ6«il 1 3, nSPFliS 

»^*Asnfc^Bts*fli 1 1 2 Rtf&mmmmm 1 

0 3^e»&s^jty-h»ffi^ffM-rso cneo/^ 

- FUSfcffMStlSo <1C^T?£DX@^:|11 1 6 (h)tc^ 

To 

[0 10 3] ^tc, MHBfWiWy-hWi 1 1 SiRt/y 

- K«Lh*#Opffl4y-WWS* 1 0 1 ©±ffi±(D^ffi{c 
AiafgMWl l 6***U ^©f*, luIBgPallfiWIi 

1 6±{c-r-^^l 1 7WU *JR»BSI 
^T«a*)56-rc ^(c «fc U , %ttlB'»*?Q e * 

£-V(DXm.*m 1 6 ( i )Ktt;-?o 

[0104] mt&Fmmmm,m?Q e«, 12 [n 

m] ©on 0Mt*3i 2 y- h Jfi^fli t ffl > rcM-Brlc 
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Ml 1 3 tp ®83M?&tt«ttfe 2 X 1 0 2 ° [atoms/c 
m3] U±., ^L<H2X10« Catoras/cm3] WT£ 

[0 10 5] 3=/c, HI 7ttf0SBLfciWl3iJt5fl!l 1 3 

^jg 2 y- hmmmicm^tc^mmmmmj-o, y- 
h&t mmmm'&v l * i/WiE® m*** u t, © 
t»**o nh3 »H«citi^r»«yaL.fcSHt3URfflt{4, « 

[|im] OTTSt) T t S^&ftff ^WftlTfe o fro C 
ntis flMbfclWtiliKBt 1 1 4<D&rfmmtf8 5 0 10 

ra oNoiiDtfi^ y-VFw> 

[0 10 6] 4gfeflB£ttiCj:tl& »2X10 ! » [at 
oms/cm3] £Ul, &SKH2X10 21 [atoras/cm3] 

tE'Kffi^Q e <DSg 2 y- hlHMUcHV>& C fcfc«t U s 

[0 10 7] £fc, V-X/FW>iai«<Ofl?fi8»teS 
2 y- h«§Si»ffll*Jg^-rs^»%ttE«BR?Q e fcfc^ 
Ts Q e ©Jg 2 y- h ffiMtftl £: LT, 20 

m#(Dmte^m?m&tmtl2X l 0 20 [atoms/cm 
3] fcbh, »IL<a2X10 21 [atoms/cra3] OTt' 

* zmitrnmrnztm v> « c t K j: ?>, mm^mmmz 



[01 6 8] -^MmiBM^imitMMM 11 iiz 

mmmT*m\hfcm, m^r^mm^mm 1 1 5*«? 
m\ytzf}\ &ti&3kmmmi 1 5*7&jatr*tinc, lua© 

jS«l 1 4 4>©7j<«M??«lS^ 5 X 1 0 20 [atoms/cm 
3] OTKfiitSfcs .fcOHi©^^^*. so 
[0 10 9] £;fc N MS£©*iSJBlll3T?8if!§bfc«fc5 
fcs SHtJSftffltl 1 4©|MT?Sot, £3£J|3£X§t 

[0 1 10] &*5, »11^5 3K^TttNOR 

9 y %/ =>. * * u icmw.-$ tiz^nmi.mw.m?* 

x 7 wisig^ a 7 ^ ^ 2/ j. ^ * u tci§(g $ n s ^ 
M5%m&m.m : ?*mtvTmmisrct>\ nands, d 
i no rs, x?v v hy- hst^ofcfl&o^aisstt 40 

[01 1 1] cie»Mg5)#*i6ifgfi!T*M\ &mm& 
mmttmmmtrzMos v ^ * ©y- btmm 

t LT, ^©ffifRIiWlft 2 X 1 O 20 [atoms 
/cm3] J^±\ SSKH2X 1 0 2 ' [atoms/cm3] 

tt-$2, Kf mmmttm ^rmic-o ^rmmt s « * 

[0 112] *-#\ MOS b^Zs^XZcDm&fi&ltC-o so 



mm) *m^rffiffl+&a 

[0113] m&sk'&mfr a & s m^itL ( 1 o oj©ni 
iNK*sffi3 0 l^nino 
[0114] ^c s mmimmttmi^ mmnm^mfo 

»S3 0 1 <0±ffifcgMbS*M3 0 2*JBj#-r«o c e 
ST-©X@^|H 1 8 (a)lCmiTa 

[0115] flMESRfb&Rits o 2±cmo s h 

So CC^TJ'COXS?:® 1 8 (b)fc^-To 
[01 16] ilfflEgH&A&SJR 3 0 3±fc, y- 
Me«iti:bTffl^«BKb^JRIIl3 0 4*W*.«1 0 
[nm] ©liffT'ffMt-So SMStJatl 0 4©ffM 
S 1 H4 i:N 2 0 £M»#Xfc-rSLPCVD}*-e 
ffdo C©«p©MUSli7 5 0 [°C] T?aB5„ 
[0 117] ^fc, WIBXa*ffofcl«ftK:8 5 0 

ra 0NH3 sn«c#i?iwaa«ttL. miB^bs* 

13 0 4tife6 X 1 0 20 [atoras/cm3] 

#A-TSo Zcom, 8 2 5 [ 0 C] ©r^SIHMft'T^x. 

y bm<t$m%Mu auBffl tmmm 3 0 4^©7j<*ii 

?JKfi* 5 X 1 0 20 [atoms/cm3] OTttt5„ C C £ 
T©XS^H 1 8 (c ^CtSTo 

[01 is] ^jc, wia^fts*ii3 0 4±tc P §y^ 

>)^#ASnfe^iBiaSJRM 3 0 7^- 
"Mia'-fSo c 1:"*tpoxb*'bI 19(d) icff, 

[0 1 19] Mz. BUIB^S B B B S*II3 0 7K^-> 
-V^IL, ^|g B B B a*M3 0 7frP>&sy-h*S 
*^J58f«o 7^-^->y«s 7thUV^77^g 
ffit F^^i-y^>yS#i^ffl^Tff^5o CCSTO 
XS^® 1 8 (e)&C7j?To 

[0 1 2 0] me tmr—hnM3 0 7*3rwiw»a 

3 0 8£ffM-rSo COIKCJB^T, MOSf^^' 

[0 12 1] ^K, «J|Sy-h«B3 0 7±Zt^tSnm 
3 0 1 0±M±0^ffitz:jSH*Si^)K3 0 9# 
ff^U *<o», ffiEWNMAWIla o 9fc, -ftcDpm 

[0 12 2] #ttC, tWBSa«7Lrt*^t?Jllffl«S«lS3 0 
^— >— vy^SSLTB3^3 1 OtMtSC tfc,}; 

tK hi 8 (g){c^-r^sit*So 

[0 12 3] MI3MOS h^y^XZQlt, f-btm 

mt lt, c v D&TMi&zftitm&*M*m^it 
id, zttwrnma o 3*m&fcVT&i&?£tircMim 
mmzm^rcmericit^T, nmm<D v-tm.ffi.mm 
snfco &t>&rmfm<owittwwi!aisito comm. 
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t&fflW- 1 0-2 4 2 3 1 0 
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co 1 2 4] &*5, ^mmmm^mimmm3 o 4* 
(Dmmm^mm^ex i o zo [atoms/ C m3] t\^tct>\ 

Wtte 2 X 1 0 20 [atoms/cm3] t<t±2X 1 

0 Z1 [atoms/cm3] UTT'&ft&mmci&^-y/*? 

[0125] ifwmm^ &ta& ^m^mmm^mm 

Wa2X10 20 [atoms/cm3] 2X1 0 Z1 [atom 

s/cn.3] OTOSfftfC^ LfcBWt^iR»l*ffl V«S 
C fcfci'K MO S f^V^X^QcD^-V/^-^tb^rlR] 10 

Co l 2 6] **ffl0gjK-etis pft*;v»K! 

CO 1 2 7] Sfc, **SI««8"Z?«s #S»{#S«±K:BE 

co 1 2 8] sfc, *^6fim«i-ej±, Tmnmsahmm 

CO 1 2 9] W5zfiO*)imi 1 5(C^3V>T 

«u ^fba^jKtcs^ji^^aiA-rsPS, nhs »ma 

CO 1 3 0] tC»©*^aifr&5K::feVvr 
CO 1 3 1] Jtl_k *»W*fc*-3Tfc3ftfc»lll§*, 

fe5o 40 

co i 3 2] #f8w«u T«©^ifina*a«x 
co 1 3 3] gcfc> *^wf±> ^FarasttieiM^jftwr 

y If a. - * (¥«{#S«) LT fe & V\ 

C 0 1 3 4 ] so 
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CO 1 3 5] ^f*^«te«ftt*tl«5F»aiB«}|f?C) 

co 1 3 6] mrc mmit^nrc^mmmmM^r^ 

CO 1 3 7] *fc> ^JfSSttBBWSR^O^a^AWE 
CO 1 3 8] ¥»#^Bfci§«g*n«MOS 
CO 1 3 9] ^ftSBfCtMSSnSgasfc?© 

ciaa^ffi*^^] 

cm i ] ^mmcommmm it$5777i/i«'j 

(¥&tt&B) OS«5»ffflH 0 

CHI 2] IWB79-y^3.^ ; &yoHji*jS*BilB > rSfc 

cm 3] wiB79ys'ay*y<DH3eDsac*wifi , r*fe 
i6©wamo 

cm 4 ] Bt{t3jKmff& y-^wntoHasfew-rHo 
cm 5] 6t<ba*Bi*^i: v-*mm<Dw&%7x*Wo 
cm 6] ®{bs*s«4'oa*M^«jg^^^'rmo 
cm 7 ] mimmm*(Dmmm?m& t y 

cm 8] «MKitttttt*w-*-B. 

Cm 9 ] #f8SB©3te8»£li8 2 T?& § 7 9 y 5< a. * U 
tfMHmB)0H£^«fl^r«fcft0MfHHo 

fc46<OKfffim 0 

cm 1 1 ] mimmm^xomm'R.wmmi'mm^^: 
cmi 2] MWbaiRaiifosjR&tfTksisiK^afcSE^* 

EL 

cmi 3] *«w©ssss^iffi3-e*S7'7y'>a.^*y 
PPttttttB) ©«3eE«rtt*ittiwf s ft to (Difsmo 

cm i 4 ] 5 y * a p< * v vmrn-fitezmw? § 
rcfeowfMma 

cm 1 5 ] ^mmommmm AX'&zy^yfz.*^) 
cmi e] MiB7^v5'a.^*yo»jfi^ffi*BiTO , r* 

cm 1 7] y- btv^i«ff(DM«^^'rm„ 
cmi 8] *m$<Dmmm5^&z>*mwmm<DW& 

cmi 9] WiB¥Sf*^B<D©jt77}*%i40^t- zrobiD 
mmmo 

Cm 2 0 ] >7 x y h BWbfc «t § 7jc^^{SMMf*T<DS 
C^cOfiBji] 
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id, 201, 301 ■■■^m^mm, i o 2-m.itm 
mm, i o 3-^mmmmm, i o 4-wntmmm, i 

0 5, 1 0 6-£{t&£K. 1 0 7, 2 0 2-7-C-;V 
KfBIUft. 1 0 8, 2 0 8 -M>^X;V— X h y Mffl 
1 0 9, 2 0 9-y-7«H 1 1 1 -®{tS$ 

I, 1 1 o, 21 o-fw^m i i z-^mm 
mm, 1 1 3-«*3WiA*tifc»bS3isiii, us- 



m&M,mmm, 203 -&{t3£*i& 204 -^sa 
mm, 20 5-mmtfBx-gHrmikmmm, 207- 
m^mmmm, 211,3 og-iimwn, 212, 
3 1 0 -mm, 302 -Kfcg&ft. 303 ---^mmm. 
mm, 304 -g*^wA?n/c^{ba*ii, 307- 
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